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GATE DRIVING CIRCUIT AND DISPLAY
APPARATUS INCLUDING FOUR COLOR
SUB-PIXEL CONFIGURATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2005-0058735, filed 1n Korea on Jun. 30, 2003,

which 1s hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display apparatus. More
particularly, the present invention relates to a display appara-
tus capable of reducing data signal lines and integrated cir-
cuits that drive the data signal lines.

2. Description of the Related Art

A cathode ray tube (CRT) 1s disadvantageous 1n 1ts weight
and size. Recently, various flat panel display devices have
been developed. These tlat panel display devices have a
reduced weight and a reduced size. A flat panel display device
includes a liquid crystal display (LCD), a field emission dis-
play (FED), a plasma display panel (PDP), an organic light
emitting diode (OLED) display device, etc.

Among these flat panel display devices, the LCD device
controls light transmittance of liquid crystal cells according
to a video signal to thereby display a picture.

Referring to FIG. 1, an active matrix type LCD 1ncludes an
LCD panel 13 having (nxm) sub-pixels arranged 1n a matrix,
a gate driving circuit 12, and a data driving circuit 11. Each of
the sub-pixels 1s connected to a thin film transistor (TFT).
Each TFT 1s formed at the crossing parts of n number of gate
lines (G1 to Gn) and m number of date lines (D1 to Dm).
Herein, n 1s a positive integer and m 1s a positive integer. Each
TFT 1s formed to implement any one color of red (R), green
(G) and blue (B). The gate driving circuit 12 supplies a scan
signal to the gate lines (G1 to Gn) and the data driving circuit
11 supplies a data signal to the data lines (D1 to Dm).

The LCD panel 13 1s formed by combining two glass
substrates and injecting liquid crystal molecules between the
two glass substrates. The gate lines (G1 to Gn) and the data
lines (D1 to Dm) are provided at the lower glass substrate of
the LCD panel 13 and cross each other perpendicularly. Each
TFT provided at a crossing between the pth gate line (Gp) and
the qth data line (Dq) applies a data signal supplied via the qth
data line (Dq) to the sub-pixel (P[p,q]) located at p row and q
column. The supplied data signal 1s 1n response to a scan
signal from the pth gate line (Gp). Herein, p 1s a positive
integer equal to n or smaller than n and q 1s a positive integer
equal to m or smaller than m. The sub-pixels implement red
(R), green (G) and blue (B) colors 1n response to the data
signal. The sub-pixels implementing each of red (R), green
(), and blue (B) colors forms one pixel 15 as shown 1n FIG.
1. The upper glass substrate of the LCD panel 13 1s provided
with black matrices, color filters and common electrodes (not
shown). A first polarizer having a light axis 1s attached onto
the upper glass substrate of the LCD panel 13 and a second
polarizer having a light axis perpendicular to the light axis of
the first polarizer 1s attached onto the lower glass substrate of
the LCD panel 13. An alignment {ilm for establishing a free-
t1lt angle of the liquid crystal 1s provided at the inner side of at
least one of the first and second polarizers tangent to the liquid
crystal. Each sub-pixel of the LCD panel 13 1s provided with
a storage capacitor. Each storage capacitor 1s provided
between the pixel electrode of the sub-pixel and the pre-stage
gate line, or between the pixel electrode of the sub-pixel and
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a common electrode line (not shown). Each storage capacitor
enables constantly keeping a voltage of the sub-pixel.

The data driving circuit 11 includes a plurality of data
driving integrated circuits. The data driving circuit 11 latches
a digital video data, and converts the digital video data into an
analog gamma compensation voltage to thereby apply i1tto the
data lines (D1 to Dm).

The gate driving circuit 12 sequentially shiits a start signal
every one horizontal period to sequentially apply a scan sig-
nal selecting a horizontal line to the gate lines (G1 to Gn).

In addition to the LCD device, flat panel display devices,
such as OLED devices, PDP devices, FED devices, etc., also

include one pixel organized by sub-pixels that implement red
(R), green ((G) and blue (B) colors. Each of these display
devices includes: scan signal lines to supply a scan signal
selecting a horizontal line to each sub-pixel; data signal lines
to supply a data signal to each sub-pixel; a scan signal driving
circuit that drives the scan signal lines and a data signal
driving circuit that drives the data signal lines. In these flat
panel display devices, such as m a QVGA device having
320%x240 resolution to supply the data signal to each sub-
pixel, data signal lines for supplying 320x3 data signals are
required. In a VGA device having 640x480 resolution, data
signal lines for supplying 640x3 data signals are required.
The data signal driving circuit that supplies the data signal to
cach data signal line includes a number of data signal driving
integrated circuits. Accordingly, there i1s a need to develop
schemes that reduce the number of the data signal lines and
the number of data signal driving integrated circuits.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to a display
apparatus that substantially obviates one or more of the prob-
lems due to limitations and disadvantages of the related art.

An advantage of the present mnvention 1s to provide a dis-
play apparatus that reduces the number of data signal lines
and the number of data signal driving integrated circuits.

Additional features and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
apparent from the description, or may be learned by practice
of the mmvention. These and other advantages of the invention
will be realized and attained by the apparatus particularly
pointed out 1n the written description and claims hereot as
well as the appended drawings.

To achieve these and other advantages and 1n accordance
with the purpose of the present invention, as embodied and
broadly described, a display apparatus includes: a plurality of
scan signal lines and a plurality of data signal lines that cross
cach other; a plurality of pixels formed at each crossing of the
scan signal lines and the data signal lines, wherein each of the
pixels includes sub-pixels that display red color, green color,
blue color and white color 1n response to a scan signal from
the scan signal lines and a data signal from the data signal
lines, wherein the sub-pixels are arranged 1n a 2x2 matrix; a
scan signal driving circuit including a plurality of stages that
supplies the scan signal to the scan signal lines; and a data
signal driving circuit that supplies the data signal to the data
signal lines, wherein the scan signal driving circuit, the pixels,
the scan signal lines and the data signal lines are formed on a
same substrate.

In another aspect of the present invention, a display appa-
ratus includes: a plurality of scan signal lines and a plurality
ol data signal lines that cross each other; a plurality of pixels
formed at each crossing of the scan signal lines and the data
signal lines, wherein each of the pixels includes sub-pixels

that display red color, green color, blue color and white color
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in response to a scan signal from the scan signal lines and a
data signal from the data signal lines, wherein the sub-pixels
are arranged 1n a 2x2 matrix; a first scan signal driving circuit
including (2ZN-1)th stages that supplies the scan signal to
odd-numbered scan signal lines among the scan signal lines,
wherein N 1s a positive mteger; a second scan signal driving,
circuit including (2N)th stages that supplies the scan signal to
even-numbered scan signal lines among the scan signal lines;
and a data signal driving circuit that supplies the data signal to
the data signal lines, wherein the first and the second scan
signal driving circuits, the pixels, the scan signal lines and the
data signal lines are formed on a same substrate.

In another aspect of the present invention, a display appa-
ratus 1includes: a plurality of scan signal lines and a plurality
of data signal lines that cross each other; a plurality of pixels
formed at each crossing of the scan signal lines and the data
signal lines, wherein each of the pixels includes sub-pixels
that display red color, green color, blue color and white color
in response to a scan signal from the scan signal lines and a
data signal from the data signal lines, wherein the sub-pixels
are arranged 1n a 2x2 matrix; a first scan signal driving circuit
including (4M-3)th and (4M-2)th stages that supplies the
scan signal to (4M-3)th and (4M-2)th scan signal lines
among the scan signal lines, wherein M 1s a positive integer;
a second scan signal driving circuit including (4M-1)th and
(4M)th stages that supplies the scan signal to (4M-1)th and
(4M)th scan signal lines among the scan signal lines; and a
data signal driving circuit that supplies the data signal to the
data signal lines, wherein the first and the second scan signal
driving circuits, the pixels, the scan signal lines and the data
signal lines are formed on a same substrate.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-

plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, 1llustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 1s a view representing a related art liquid crystal
display device;

FI1G. 2 1s a view representing a liquid crystal display device
according to an embodiment of the present invention;

FI1G. 3 1s a view representing a gate driving circuit shown in
FIG. 2;

FI1G. 4 1s a view representing a circuit for each stage of the
gate driving circuit shown in FIG. 3;

FIG. 5 1s a view representing a voltage wavelorm of each
node 1n the circuit shown 1n FI1G. 4;

FIG. 6 1s a view representing another circuit for each stage
of the gate driving circuit shown in FIG. 3;

FIG. 7 1s a view representing a voltage wavelorm of each
node 1n the circuit shown 1n FIG. 6;

FI1G. 8 1s a view representing a liquid crystal display device
including a built-in gate driving circuit driving a gate line at
one direction according to an embodiment of the present
invention;

FI1G. 9 1s a view representing a liquid crystal display device
including a built-in gate driving circuit driving a gate line at
both directions according to an embodiment of the present
invention;
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FIG. 10 1s a view representing a liqud crystal display
device including another built-in gate driving circuit driving a
gate line at both directions according to an embodiment of the
present invention;

FIG. 11 1s a view representing an implement of the gate
driving circuit shown 1n FIG. 9, using the circuit of FIG. 4;

FIG. 12 1s a view representing another implement of the
gate driving circuit shown 1n FIG. 9, using the circuit of FIG.
4;

FIG. 13 1s a view representing still another implement of
the gate driving circuit shown in FIG. 9, using the circuit of
FIG. 4;

FIG. 14 15 a view representing still another implement of
the gate driving circuit shown 1n FIG. 9, using the circuit of
FIG. 4;

FIG. 15 1s a view representing an implement of the gate
driving circuit shown 1n FIG. 9, using the circuit of FIG. 6;

FIG. 16 1s a view representing another implement of the
gate driving circuit shown in FIG. 9, using the circuit of FIG.
6.

FIG. 17 1s a view representing still another implement of
the gate driving circuit shown in FIG. 9, using the circuit of
FIG. 6;

FIG. 18 15 a view representing still another implement of
the gate driving circuit shown in FIG. 9, using the circuit of
FIG. 6;

FIG. 19 1s a view representing an implement of the gate
driving circuit shown in FIG. 10, using the circuit of FIG. 4;
and

FIG. 20 1s a view representing an implement of the gate
driving circuit shown in FIG. 10, using the circuit of FIG. 6.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

Retference will now be made in detail to embodiments of
the present mnvention, examples of which are illustrated 1n the
accompanying drawings.

FIG. 2 1s a view representing a liquid crystal display device
according to an embodiment of the present invention.

Reterring to FIG. 2, the liquid crystal display (LCD) device
according to an embodiment of the present invention includes
a LCD panel 103 having (nxm) sub-pixels arranged 1n a
matrix, a gate driving circuit 102, and a data driving circuit
101. Each of the sub-pixels 1s connected to a thin film tran-
sistor (TFT). Each TFT 1s formed at the crossing parts of n
number of gate lines (G1 to Gn) and m number of date lines
(D1 to Dm). Herein, n 1s a positive integer and m 1s a positive
integer. Fach TFT 1s formed to implement any one color of
red (R), green (GG), blue (B) and white (W). The gate driving
circuit 102 supplies a scan signal to the gate lines (G1 to Gn)
and the data driving circuit 101 supplies a data signal to the
data lines (D1 to Dm).

The LCD panel 103 1s formed by combining two glass
substrates and providing liquid crystal molecules between the
two glass substrates. The gate lines (G1 to Gn) and the data
lines (D1 to Dm) are provided at the lower glass substrate of
the LCD panel 103 and cross each other substantially perpen-
dicularly. Each TFT provided at a crossing between the 1th
gate line (G1) and the jth data line (Dg) applies a data signal
supplied via the jth data line (Dy) to the sub-pixel (P[1,1])
located at 1 row and j column. The supplied data signal 1s 1n
response to a scanmng pulse from the ith gate line (Gi).
Herein, 1 1s a positive integer equal to n or smaller than n and
1 1s a positive mteger equal to m or smaller than m. The
sub-pixels implement red (R), green (G), blue (B) and white
(W) colors 1n response to the data signal. The sub-pixels
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implementing each of red (R), green (G), blue (B) and white
(W) colors form one pixel 105, in a 2x2 matrix quad structure,
as shown 1n FIG. 2. A transparent color filter 1s used for the
white (W) color sub-pixel to enable most of the backlight to
exit. Accordingly, brightness 1s improved. Further, the sub-
pixels form one pixel 1035, as a 2x2 matrix quad structure, to
thereby reduce the number of data lines to 14 as compared
with the related art LCD device. Accordingly, the number of
data driving integrated circuits required in the data driving
circuit 101 further becomes reduced. Moreover, the arrange-
ment of the sub-pixels 1s not limited to such a sequence of red

(R), green (), blue (B) and white (W) colors. The upper glass
substrate of the LCD panel 103 1s provided with black matri-
ces, color filters and common electrodes (not shown). A {first
polarizer having a light axis 1s attached onto the upper glass
substrate of the LCD panel 103 and a second polarizer having
a light axis perpendicular to the light axis of the first polarizer
1s attached onto the lower glass substrate of the LCD panel
103. An alignment film for establishing a free-t1lt angle of the
liquid crystal 1s provided at the imnner side of at least one of the
first and second polarizers tangent to the liquid crystal. Each
sub-pixel of the LCD panel 103 1s provided with a storage
capacitor. Each storage capacitor 1s provided between the
pixel electrode of the sub-pixel and the pre-stage gate line, or
between the pixel electrode of the sub-pixel and a common
clectrode line (not shown). Each storage capacitor enables
constantly keeping a voltage of the sub-pixel.

On the lower glass substrate of the LCD panel 103, the gate
driving circuit 102 that sequentially supplies a scan signal to
the gate lines (G1 to Gn) 1s built-1n, as shown 1n FIG. 2. Such
a built-in type gate driving circuit 102 1s formed on the lower
glass substrate by a chip on glass (COG) system using a
plurality of amorphous transistors. The gate driving circuit
102 1s simultaneously formed together with the pixel TFT.
Accordingly, a separate additional process 1s not required and
the gate driving integrated circuit1s not required. It 1s possible
to stmplily processes and to thereby reduce processing costs.

The data driving circuit 101 includes a plurality of data
driving integrated circuits. The data driving circuit 101
latches digital video data, and converts the digital video data
into an analog gamma compensation voltage. This voltage 1s
thereby applied to the data lines (D1 to Dm). The data driving
integrated circuits of such a data driving circuit 101 are
attached onto the substrate with the aid of a tape carrier
package (TCP) as shown in FIG. 2, or are directly mounted on
the substrate by a chip on glass (COG) system as shown FIGS.
8 to 10.

FIGS. 3 to 5 show a circuit configuration of the gate driving,
circuit 102 and each node voltage wavelorm thereof.

In FIG. 3, the gate driving circuit 102 includes n number of
stages connected 1n a cascading manner. The gate driving
circuit 102 also includes a dummy stage. In the gate driving
gate circuit 102, a start signal Vst 1s inputted to the first stage.
An output signal Vg_1 of the first stage 1s inputted as a start
signal to the second stage. An output signal Vg_2 of the
second stage 1s inputted as a start signal to the third stage and
as a reset signal to the first stage. An output signal Vg_3 ofthe
third stage 1s outputted as a start signal to the fourth stage and
as a reset signal to the second stage. An output signal Vg_4 of
the fourth stage 1s mnputted as a start signal to the next stage
and as a reset signal to the third stage. This continues until an
output signal 1s inputted as a start signal to the (n—1)th stage
and as a reset signal to the (n-3)th stage. An output signal
Vg _n-1 of the (n-1)th stage 1s inputted as a start signal to the
nth stage and as a reset signal to the (n-2)th stage. An output
signal Vg_n of the nth stage 1s inputted as a reset signal to the
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(n—1)th stage. An output signal of the dummy stage 1s mput-
ted as a reset signal to the nth stage.

Further, each of the stages has the same circuit configura-
tion, and shifts the start signal Vst or the output signals Vg_1
to Vg_n-1 of the previous stages in response to two clock
signals of four clock signals C1, C2, C3 and C4. Thereby, a

scan signal having a pulse width of one horizontal period 1s
generated.

FIG. 4 shows a detailed circuit configuration of the 1th stage
in the gate driving circuit 102 shown 1n FIG. 3. The 1th stage
includes a sixth transistor T6 for applying a high logical
voltage to the 1th gate line Gi, and a seventh transistor T7 for
applying a low logical voltage to the 1th gate line Ga1.

An operation of the ith stage, for example the (4k+1)th
stage (K 1s an integer in a range of O to n/4) operating 1n
response to the first and the second clock signals, will be
described in detail 1n conjunction with FIG. 5 below.

Referring to FIG. 4 and FIG. 5, during a t1 interval when
the first clock signal C1 remains at a low logical voltage, the
start signal Vst or the output signal Vg_1-1 of the previous
stage having a high logical voltage i1s applied to the gate
clectrodes of the first and fifth transistors T1 and T5 to thereby
turn on the first and fifth transistors T1 and 'T5. Then, a voltage
V_Qatafirst node Q 1s raised to a middle voltage Vm to turn
on the sixth transistor T6, but a voltage Vg_1 at the gate line 1
remains at a low logical voltage because the first clock signal
C1 remains at a low logical voltage. In this case, the (Sa)th
transistor 15a 1s turned-on by a voltage V_Q on the first node

Q.
When the fifth transistor T5 and the (5a)th transistor T5a

are turned on, a voltage at a second node QB 1s lowered to turn
off the third transistor T3 and the seventh transistor 17,
thereby shutting off a discharge path of the first node Q.

During a t2 interval, the first clock signal C1 1s inverted into
a high logical voltage while the start signal Vst or the output
signal Vg _1-1 of the previous stage 1s mverted into a low
logical voltage. At this time, the first and fifth transistors T1
and T3 are turned off. Also, the voltage V_Q at the first node
Q 1s added to a voltage charged in a parasitic capacitor
between the drain electrode and the gate electrode of the sixth
transistor 16 that 1s supplied with a high logical voltage of the
first clock signal C1. Thus, the voltage V_Q 1s thereby raised
into more than a threshold voltage of the sixth transistor T6. In
other words, the voltage V_Q at the first node Q) rises to a
higher voltage Vh than that in the t1 interval by bootstrapping.
Thus, during the t2 1nterval, the sixth transistor T6 1s turned
on, and a voltage Vg_1 at the 1th gate line G1 rises with the aid
of the voltage of the first clock signal C1 supplied by a
conduction of the sixth transistor T6 that 1s mverted into a
high logical voltage.

During a t3 interval, the first clock signal C1 1s inverted into
a low logical voltage while the second clock signal C2 1s
inverted mto a high logical voltage. At this time, the fourth
transistor T4 1s turned-on 1n response to the second clock
signal C2 and a high potential power voltage Vdd 1s applied,
via the fourth transistor T4, to the second node QB to thereby
raise a voltage V_QB at the second node QB. The raised
voltage V_(QB at the second node QB turns on the seventh
transistor 17 to discharge the voltage Vg_1 at the 1th gate line
(31 1nto a ground voltage Vss, and, at the same time, turns on
the third transistor T3 and a (3a)th transistor T3a to discharge
the voltage V_Q at the first node Q into the ground voltage
Vss.

During a t4 interval, if the second clock signal C2 1s
inverted ito a low logical voltage, then the fourth transistor
14 1s turned off. At this time, a high logical voltage 1s floated
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at the second node QB. A high logical voltage at the second
node QB 1s kept during the remaining frame interval.

FIG. 6 1s a view representing another circuit for the 1ith
stage of the gate driving circuit 102 shown in FIG. 3. The
circuit maintains the voltage at the QB node at the high state
in a clock timing 1n which the output signal Vg—-1 1s generated
by using one QB node. Thereby, a deterioration of a pull-
down part 1s prevented. The circuit represents the same eifi-
ciency as a cross-driving system by using two QB nodes every
frame and has an advantage 1n that 1t 1s possible to largely
reduce a circuit size.

An operation of the circuit will be described 1n detail 1n
conjunction with FIG. 7 which represents each node voltage
wavelorm of the circuit shown 1n FIG. 6.

Referring to FIG. 6 and FIG. 7, the first stage includes an
output butler having a pull-up transistor T6 for outputting a
first clock signal C1 to a first gate line G1 under control of a
Q node. The first stage also includes a pull-down transistor T7
for outputting a low potential power voltage V . to the first
gate line G1 under control of a QB node. The first stage also
includes a controller C having first to (51)th transistors 11 to
T5i for controlling the QQ node and the QB node. Such a first
stage 1s supplied with a high electrical potential power volt-
age V 5, a low electrical potential power voltage V.. and a
start signal Vst, with the first, the second and the fourth clock
signals C1, C2 and C4. The phases of these clock signals are
different from each other as shown in FIG. 7. Hereinafter, an
operation procedure of the first stage will be described with
reference to a driving wavetorm shown i FIG. 7.

Referring to FIG. 7, during a t1 interval, the first transistor
T1 1s turned on by high voltage of the start signal Vst to
thereby pre-charge the high voltage of the start signal Vst into
the Q node. The pull-up transistor T6 1s turned on by a high
voltage pre-charged into the () node to thereby supply a low
voltage of the first clock signal C1 as an output signal Vgl to
the first gate line G1. At this time, the QB node becomes a low
voltage state by the fifth transistor T35 turned on by a high
voltage of the start signal Vst and the (5a)th transistor T3a
turned on by a high voltage of the (Q node, so that the third
transistor 13 and the pull-down transistor T7 are turned off.
Meanwhile, the (4a)th transistor T4a i1s turned on by the
tourth clock signal C4, but a low voltage of a low electrical
potential power voltage Vss 1s supplied from the (4¢)th tran-
sistor T4c turned on by the start signal Vst to turn off the
fourth transistor T4 thereby shutting off a charge path of the
QB node.

During a t2 interval, the first transistor T1 1s turned off by
a low voltage of the start signal Vst, so that the (Q node 1s
floated into a high voltage state while the pull-up transistor T6
keeps a turn-on state. Atthis time, by a high voltage of the first
clock signal C1, the Q node 1s bootstrapped due to a parasitic
capacitor formed by an overlap between the gate electrode
and the drain electrode of the pull-up transistor T6. Thus, the
(Q node voltage 1s charged having the higher voltage than that
of the Q node voltage 1n the t1 interval. Accordingly, the
pull-up transistor T6 1s turned on, thereby rapidly supplying a
high voltage of the first clock signal C1 as an output signal
Vgl to the first gate line G1. Also, the QB node discharged via
the (5a)th transistor T5a 1s turned on by the Q node maintain-
ing a low voltage state.

During a t3 interval, the (3a) transistor T3a 1s turned on by

a high voltage of a gate output signal Vg_2 of the next
stage, and the (4b)th and the (31)th transistors T4b and
T5i are turned on by a high voltage of the second clock
signal C2. The ) node 1s supplied with a low voltage of
a low electrical potential power voltage Vss via the
turned-on (3a)th transistor T3a to turn off the pull-up
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transistor T6. The QB node 1s supplied with a low volt-
age of a low electrical potential power voltage Vss via
the turned-on (51)th transistor T5i to maintain the low
voltage state. At this time, the fourth transistor T4 shuts
off when a high Voltage 1s supplied to the QB node while
maintaining the turn-oil state through the turned-on (4b)
th transistor T4b. Meanwhile, as the t3 interval starts, the
Q node 1s perfectly discharged. Accordingly, the output
signal Vg 1, maintaining the high state during the t2
interval caused by the first clock signal C1, 1s discharged
betfore the pull-up transistor 16 1s turned-on. Thereby,
although the pull-up and the pull-down transistor T6 and
17 have a turned-oif state due to the QQ node and the QB
node, the output signal Vg_1 maintains the low voltage
state. FIG. 6 shows an output signal (Vg 1+1) of the
(1+1)th stage or an output signal (Vg 1+2) of the (1+2)th
stage.

During a t4 interval, all of transistors are turned ofl to make
the QB node and the output signal Vg_1 tloat with the voltage
state.

During a t5 interval, the fourth clock signal C4 1s iverted
to a high voltage to turn on the (4a)th and the fourth transistors
T4a and T4, thereby supplying the high voltage to the QB
node. Accordingly, the third and the pull-down transistors T3
and T7 are turned-on by the QB node. At this time, a low
clectrical potential power voltage Vs 1s supplied via the third
transistor 13 to the QQ node, so that the Q) node maintains the
low voltage state. And the low voltage of the low electrical
potential power voltage Vss as an output signal Vg_1 1s sup-
plied via the pull-down transistor T7 to the first gate line G1.

During a t6 interval, the fourth clock signal C4 1s again
inverted to the low voltage, but a discharge path of the QB
node entirely maintains the shut-oil state, so that the QB node
1s continually floated with the high voltage state. By the high
voltage of the QB node, the third and the pull-down transis-
tors T3 and T7 are turned-on, and the QB node and the output
signal Vg 1 maintains the low state as described above 1n the
tS interval.

During a t7 interval, the second clock signal C2 1s inverted
to a high voltage, to turn-on the (4b)th and the (51)th transis-
tors T4b and T5i. The fourth transistor T4 maintains the
turn-oil state caused by the (4b)th transistor to shut off the
high voltage supplied to the QB node. The (51)th transistor
T5i supplies a low electrical power voltage Vss to the QB
node to make the QB node maintain the low voltage state.
Meanwhile, the Q node 1s floated to the low voltage of the T6
interval. As both of the Q node and the QB node maintain the
low voltage, both of the pull-up and the pull-down transistors
are turned off. Accordingly, the output signal Vg_1 1s floated
with the low voltage state.

During a t8 interval, the transistors are turned off, so that
the Q-node, the QB-node and the output signal Vg_ 1 maintain
the low state same as 1n the t4 interval. The first stage repeats
the state of the t4 interval to the t'7 interval to maintain the state
until after the t8 interval to a time when the approprate frame
1s finished.

As mentioned above, the gate driving circuit 102 according
to FIG. 6 maintains the QB node with the high voltage state in
a clock timing when the high voltage signal 1s outputted by
using one (OB node. Accordingly, it represents the same effi-
ciency as a cross-driving system by using two QB nodes every
frame and has an advantage 1n that 1t 1s possible to largely
reduce the circuit size.

Meanwhile, a system which drives gate lines 1n both direc-
tions by dividing a gate driving circuit into two 1s possible in
the present invention. Also, a system which drives the gate

it i
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lines 1n one direction by one built-in gate driving circuit with
aid of the circuit of FIG. 4 or FIG. 6 1s possible 1n the present
invention.

FIG. 8 represents the system which drives the gate lines G1
to Gn by one gate driving circuit in one direction, and FIG. 9
represents the system which drives the gate lines 1n both
directions by dividing a stage of the gate driving circuit into a
first gate driving circuit having an odd numbered stage and a
second gate driving circuit having an even numbered stage.
As shown 1n FIG. 10, a system, which drives the gate lines in
both directions by dividing a first gate driving circuit having,
the (4s—3)th and the (4s-2)th stages and a second gate driving,
circuit having the (4s—1)th and the (4s)th stages, 1s possible.
Herein, s 1s a positive integer equal to n/4 or smaller than n/4.

FIGS. 11 to 18 represent a configuration of a stage for
implementing the system of FIG. 9 by using the circuit of
FIG. 4 or FIG. 6.

Referring to FIGS. 11 to 18, a first gate driving circuit
includes odd-numbered stages for driving odd-numbered
gate lines, and a second gate driving circuit includes even-
numbered stages for driving even-numbered gate lines. FIGS.
11,12, 13 and 14 represent an implement, using the circuit of
FIG. 4, of the system of FIG. 9, and FIGS. 15,16, 17 and 18
represent an 1mplement, using the circuit of FIG. 6, of the
system of FIG. 9.

FIG. 11, FI1G. 12, FIG. 15 and FIG. 16 represent a method
in which a start signal of an odd-numbered terminal 1is
received from an odd-numbered terminal and a start signal of
an even-numbered terminal 1s recerved from an even-num-
bered terminal. For instance, an output of a {irst terminal 1s
used as a start signal of a third terminal, the output of the third
terminal 1s used as a start signal of a fifth terminal, an output
of a second terminal 1s used as a start signal of a fourth
terminal, and the output of the fourth terminal 1s used as a start
signal of a sixth terminal, etc. FIG. 11 and FIG. 15 differ from
FIG. 12 and FIG. 16 1n a method of receiving a reset signal, as
discussed below.

FIG. 11 and FIG. 15 represent a method in which an output
of a third terminal 1s used as a reset signal of a first terminal,
an output of a fifth terminal 1s used as a reset signal of a third
terminal, an output of a fourth terminal 1s used as a reset signal
ol a second terminal, and an output of a sixth terminal 1s used
as a reset signal of a fourth terminal.

On the other hand, FIG. 12 and FIG. 16 represent a method
in which an output of a second terminal 1s used as a reset
signal of a first terminal, an output of a third terminal 1s used
as a reset signal of a second terminal, an output of a fourth
terminal 1s used as a reset signal of a third terminal, and an
output of a fifth terminal 1s used as a reset signal of a fourth
terminal.

FI1G. 13, FIG. 14, FI1G. 17 and FIG. 18 represent a method
in which an output of a first terminal 1s used as a start signal
of a second terminal, the output of the second terminal 1s used
as a start signal of a third terminal, an output of a third
terminal 1s used as a start signal of a fourth terminal, and the
output of the fourth terminal 1s used as a start signal of a fifth
terminal, etc. FIG. 13 and FIG. 17 differ from FIG. 14 and
FIG. 18 1n a method of recetving a reset signal, as discussed
below.

FI1G. 13 and FIG. 17 represent a method in which an output
of a third terminal 1s used as a reset signal of a first terminal,
an output of a fifth terminal 1s used as a reset signal of a third
terminal, an output of a fourth terminal 1s used as a reset signal
of a second terminal, and an output of a sixth terminal 1s used
as a reset signal of a fourth terminal.

On the other hand, FIG. 14 and FIG. 18 represent a method

in which an output of a second terminal 1s used as a reset
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signal of a first terminal, an output of a third terminal 1s used
as a reset signal of a second terminal, an output of a fourth
terminal 1s used as a reset signal of a third terminal, and an
output of a fifth terminal 1s used as a reset signal of a fourth
terminal.

FIGS. 19 and 20 represent a stage configuration for imple-
menting the system of FIG. 10. FIG. 19 represents a stage
configuration using the circuit of FIG. 4, and FIG. 20 repre-
sents a stage configuration using the circuit of FIG. 6.

Referring to FIGS. 19 and 20, a first gate driving circuit
includes a (4s-3)th stage and a (4s-2)th stage to drive a
(4s-3)th gate line and a (4s-2)th gate line, and a second gate
driving circuit includes a (4s-1)th stage and a (4s)th stage to
drive a (4s-1)th gate line and a (4s)th gate line. To this end,
cach stage uses an output signal of a previous terminal as a
start signal, and uses an output signal of the next terminal as
a reset signal.

While the above-described system has been described with
respect to an LCD device, 1t 1s applicable to other display
devices such as organic light emitting diode (OLED) devices,
plasma display panel (PDP) devices and field emissive dis-
play (FED) devices. The above-described system includes
sub-pixels arranged in a 2x2 matrix representing red (R),
green (), blue (B) and white (W) colors to form one pixel.
Also, a scan signal driving circuit supplying the scan signal to
cach sub-pixel may be formed on the same substrate and at the
same time as the pixels and signal lines.

As described above, the display apparatus according to an
exemplary embodiment of the present invention adds a white
(W) color sub-pixel to sub-pixels implementing red (R),
green () and blue (B) colors to thereby improve a brightness
of a display panel. The display apparatus provides sub-pixels
in a 2x2 quad matrix structure that each implement each of
red (R), green (G), blue (B) and white (W) colors. The sub-
pixels arranged 1n the 2x2 quad matrix structure form one
pixel. The 2x2 quad matrix structure enables the reduction of
the number of data lines to 4 as compared with a related art
LCD device. Accordingly, the number of the data driving
integrated circuits further becomes reduced. Accordingly, the
cost of the data drniving integrated circuits further becomes
reduced. In addition, the pixel element and signal lines are
formed without a separate additional process and a plurality
of amorphous transistors are formed on a lower glass sub-
strate by a chip on glass (COG) system to thereby implement
a scan signal driving circuit. Accordingly, 1t 1s possible to
simplity processing steps and to reduce the cost of the pro-
CesSses.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, 1t 1s intended that the present invention cover
the modifications and variations of this ivention provided
they come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:

1. A display apparatus comprising:

a plurality of scan signal lines and a plurality of data signal
lines that cross each other:

a plurality of pixels formed at each crossing of the scan
signal lines and the data signal lines, wherein each of the
pixels includes sub-pixels that display red color, green
color, blue color and white color 1n response to a scan
signal from the scan signal lines and a data signal from
the data signal lines, wherein the sub-pixels are arranged
1n a 2x2 matrix;
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a first scan signal driving circuit including (2N-1)th stages
that supplies the scan signal to odd-numbered scan sig-
nal lines among the scan signal lines, wherein N 1s a
positive iteger;

a second scan signal driving circuit including (2N)th stages
that supplies the scan signal to even-numbered scan
signal lines among the scan signal lines; and

a data signal driving circuit that supplies the data signal to
the data signal lines, wherein the first and the second
scan signal driving circuits, the pixels, the scan signal
lines and the data signal lines are formed on a same
substrate,

wherein an output signal of a first stage 1s mputted to a
second stage as a start signal of the second stage, an
output signal of the second stage 1s inputted to a third
stage as a start signal of the third stage, an output signal
of the third stage 1s mputted to the first stage as a reset
signal of the first stage and at the same time to a fourth
stage as a start signal of the fourth stage, and an output
signal of the fourth stage 1s inputted to the second stage

as a reset signal of the second stage,

wherein each of the stages included in the first and the
second scan signal driving circuits includes a pull-up
transistor that charges any one of the gate lines by using
a first clock signal 1n response to a voltage on a Q node,
a pull-down transistor that discharges any one of the gate
lines 1n response to a voltage on a QB node and a con-
troller (C) that controls the Q node and the QB node,

wherein the controller (C) charges the (Q node 1n response
to a start signal, discharges the () node 1n response to the
voltage on the QB node and an output signal of a next
stage, discharges the QB node in response to the start
signal, a second clock signal delayed by one clock inter-
val from the first clock signal, and the voltage on the )
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node, and charges the QB node 1n response to a fourth
clock signal delayed by two clock intervals from the
second clock signal, and

wherein the controller includes:

a first transistor (1) that charges the (Q node with a high
clectrical potential supply voltage in response to the start

signal;

a secgélnd transistor (4a) that charges a first node with the
high electrical potential supply voltage in response to
the fourth clock signal;

a third transistor (4) that charges the QB node with the high
clectrical potential supply voltage in response to the
voltage on the first node;

a Tourth transistor (4b) that discharges the first node with a
low electrical potential reference voltage 1n response to
the second clock signal;

a fifth transistor (3) that discharges the (Q node with the low
clectrical potential reference voltage in response to the
voltage on the QB node;

a sixth transistor (5i) that discharges the QB node with the
low electrical potential reference voltage 1in response to
the second clock signal;

a seventh transistor (8) that discharges the first node with
the low electrical potential reference voltage 1n response
to the start signal;

an eighth transistor (4d¢) that discharges the first node with
the low electrical potential reference voltage 1n response
to the start signal;

a ninth transistor (5a) that discharges the QB node with the
low electrical potential reference voltage 1n response to
the voltage on the Q node; and

a tenth transistor (3a) that discharges the Q node with the
low electrical potential reference voltage 1in response to
a next terminal output signal.

G ex x = e
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